Glandular epithelium and stromal cells of human endometrium were separated and maintained in monolayer culture. At the time the cells became confluent, cell suspensions were prepared and incubated with [14C]arachidonic acid. Radiolabeled prostaglandin E2 and, to a lesser extent, prostaglandin F2 alpha and metabolites of these prostaglandins, were formed principally in stromal cells. There was considerably less prostaglandin formation in endometrial glands either after maintenance in monolayer culture or in freshly separated glands. In stromal cells of endometrium prostaglandin formation was linear with time of incubation for 2.5 min and with [14C]arachidonic acid concentrations up to 8 microM. When stromal cells and epithelial cells were combined, all prostaglandin formation could be accounted for by that produced in stromal cells. Little or no prostaglandin formation was detected in stromal cells from human adipose tissue or in fibroblasts from human genital or abdominal skin or human fallopian tube.
A B S T R A C T Glandular epithelium and stromal cells of human endometrium were separated and maintained in monolayer culture. At and epithelial cells were combined, all prostaglandin formation could be accounted for by that produced in stromal cells. Little or no prostaglandin formation was detected in stromal cells from human adipose tissue or in fibroblasts from human genital or abdominal skin or human fallopian tube. INTRODUCTION Based on the findings of the elegant studies of a number of investigators (1) (2) (3) (4) (5) (6) (7) , it is now clear that the differentiation and function of endothelial and epithelial cells may be regulated by interactions with mesenchyme or stroma (1) . For example, it has been shown that androgen-induced differentiation of the urogenital sinus epithelium is dependent upon mesenchyme (2) . Differentiation and development of embryonic endoderm or ectoderm of pancreas (3), liver (4), lung (5, 6) , and thyroid (7) were shown to be dependent Received for publication 15 March 1982 and in revised form 8 July 1982. upon mesenchymal factors. The same is true of the miillerian duct. Indeed it has been demonstrated that certain segments of mesenchyme from the miillerian duct direct differentiation into fallopian tube whereas other segments direct epithelial differentiation to uterus, uterine cervix, or vagina (2) .
Generally it has been shown that normally functioning mesenchyme serves to deter malignant transformation of contiguous epithelial cells (8) . For example, embryonic mammary mesenchyme will bring about differentiation of breast cancer cells (9) and basal cell carcinomas differentiate when transplanted to the uterus (1). Thus, stroma-mediated regulation of epithelial cell function is an established biological phenomenon.
The human endometrium is characterized by a well defined epithelial component (endometrial glands) and stroma, each of which appears to be hormonally responsive. Indeed, it is the hormone-induced alteration of the endometrial stromal cell that gives rise to the decidual cell characteristic of the decidua of human pregnancy. If the glandular epithelium of human endometrium was influenced by metabolic events that take place in contiguous stromal cells, as is the case in prostate tissue (2) , a definition of such interaction may be essential to an understanding of the physiology as well as the pathophysiology of this tissue.
It is believed that prostaglandins (PG)l serve important functions in the physiology and possibly the pathophysiology of human endometrium. It seems likely that PG are important in the initiation of menstruation (10) and that PG synthesized in endometrium may cause the dysmenorrhea of progesterone withdrawal menses (11) . Moreover, it has been proposed that PG synthesized in decidua lead to the initiation of parturition (12) .
For these reasons, the purpose of the present investigation was to evaluate the pattern and rate of PG biosynthesis in separated glandular epithelium and stromal cells of human endometrium.
METHODS
Establishment of cell cultures. Endometrial tissues were obtained directly from the uterus of premenopausal women immediately after hysterectomy conducted for reasons other than endometrial disease. The day of the ovarian cycle at the time of hysterectomy was established from menstrual history, histologic features of the endometrium, and the concentration of estradiol-17# and progesterone in serum on the day before surgery. Steroids were quantified by radioimmunoassay (13, 14) .
Endometrial glands were separated from the stromal cells according to Satyaswaroop et al. (15) 10 ,000 U/ml, fungizone, 25 Ag/ml, and streptomycin, 10,000 gg/ml. After 30 min the tissue was transferred into HBSS that contained collagenase (1 mg* ml-'; 196 U * mg-') (Millipore Corp., Freehold, NJ), deoxyribonuclease I (0. 5 mg ml-'; 1,950 K U * mg-') (Sigma Chemical Co., St. Louis, MO), Hepes (25 mM) buffer, and Ab/Am (2%, vol/vol). The endometrium was cut into pieces (-1 mm3) and then transferred in the collagenase-containing medium into a sterile tube and incubated at 37°C in a shaking water bath for -1 h. The collagenase-treated tissue was strained through a stainless steel sieve with a pore size of 75-agm (Millipore Corp.). The endometrial glands were retained by the sieve whereas the stromal cells passed through the sieve into the filtrate. The glands were washed with HBSS containing Ab/ Am (2%) and placed in HAM F-10 culture medium (Gibco Laboratories) that contained fetal calf serum (10%) (Gibco Laboratories), insulin (10 mg ml-'), glucose (5 mg-ml-'), and Ab/Am (1%). After 30 min at 37°C, during which time contaminating stromal cells attached to the dishes, the glands were transferred into 100-mm petri dishes that contained the same culture medium.
The stromal cells in the filtrate were washed two times with Waymouth's MB 752/1 culture medium (Gibco Laboratories) that contained heat-inactivated fetal calf serum (15%) and Ab/Am (1%). The stromal cells were divided among several petri dishes. The culture media were changed every 24 h. The cells were harvested for study at the time that confluency was attained, after 10 d in the case of stromal cells and 2-3 wk in the case of epithelial cells.
Stromal fibroblasts derived by the same method from human fallopian tubes were prepared and maintained in culture. Fibroblasts derived from human genital and abdominal skin (16) (Fig. 2) .
[14C]PG were not formed when indomethacin (1.7 ,uM) was added to the medium of stromal cells before the addition of ['4C]arachidonic acid. Also there were no [14C]PG formed when cells were absent (Fig. 3) .
PG formation in fibroblasts derived from endometrial stroma, adipose stroma, genital skin, nongenital skin, and endometrial glandular epithelium. The rate of PG formation from ['4C]arachidonic acid in fibroblasts derived from various tissues and endometrial glandular epithelium was compared with that in endometrial stromal fibroblasts. We found that the endometrial stromal cells formed PG at a relatively high rate (-3 nmol PG * min-' * mg-' protein) whereas the fibroblasts derived from other tissues and endometrial glandular epithelial cells did not synthesize PG efficiently (Fig. 4) . Radiolabeled (10, 12) . Moreover, these processes appear to be, either directly or indirectly, controlled by the hormonal milieu of the ovarian cycle (11, 20) or of pregnancy (21) . It has been demonstrated by others (22, 23) to form PG in large amounts is not a characteristic of all mesenchymal fibroblasts.
In a previous investigation we found that NAD+-dependent 15-hydroxyprostaglandin dehydrogenase activity in human endometrium was localized principally in the glandular epithelium (26) . Moreover, the specific activity of the enzyme varied greatly in endometrium during the ovarian cycle, being greatest during the midluteal phase. These findings are suggestive that the activity of the enzyme is stimulated by progesterone (26) . These findings, together with those of the present study, also are suggestive of a unique relationship between glandular epithelium and stroma of endometrium; PG is formed from exogenous arachidonic acid primarily in stroma but is inactivated primarily in the glandular epithelium. With respect to the utilization of exogenous arachidonic acid for PG formation, the decidua vera of the uterus of pregnant women may be unique in this regard. It has been demonstrated that large amounts of arachidonic acid are released from the avascular fetal membranes during human labor (27); the fetal membranes are contiguous to the decidualized stromal cells and, thus, may provide PG precursor to the decidua.
Based on the findings of the present investigation we conclude that PG biosynthesis in human endometrium is principally a function of the stromal cells, at least when exogenous substrate is available. On the other hand, PG inactivation is principally a function of the progesterone-stimulated glandular epithelium (26) . We speculate that estrogen-induced PG synthesis in stroma will lead to PG that affects the metabolic events in glandular epithelium in which the capacity for PG inactivation is reduced, i.e., when progesterone levels are low.
